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NGHIEN CUU PAC TINH CHONG TAO CAN CUA CATION Zn*'
TRONG MOI TRUONG DUNG DICH ETHYLENE GLYCOL-NUOC

Nguyén Ngoc Son’, Nguyén Thi Huong, Nguyén Dinh Duong, Nguyén Viét Hung

To m tdt: Bai bdo nay trinh bay mot s6 két qud nghién cieu kha nang chong tao can cua
ion Zn?* trong méi trwong dung dich ethylen glycol (EG). Nghién citu tién hanh vo‘l nong do
ion Zn** tr 0 ppm dén 12 ppm. Két qua nghién ciru dién hoa cho thdy, sw ion Zn** Voi nong
do 8 ppm cho hleu qua 1k ché su tao can tot nhdt. Phé tong tré dién héa chi ra rang suw cé
mat cua ion Zn** lam han ché su tao thanh 16p can co do dan kém trén bé mat dién cuc.

Tir khoéa: Ethylene glycol; Chét tc ché tao ciin; Phuong phap dién hoa.
1. PAT VAN DPE

Nudce véi cac déc tinh vu viét nhu nhiét dung riéng cao, do dan nhiét 16n, d6 nhat thép la tac
nhan 1am mat tuyét voi. Tuy nhién do kha ning lam viéc & nhiét d6 thip rat han ché nén chung
thuong duoc mot luong nhat dinh EG nhu 1a mot phu gia chéng déng. Dung dich EG nay dugc
sir dung rat pho bién trong cic Gmg dung lam mat tir quy mo nho dén 16n [1]. C6 hai van dé 16n
phai ké dén ddi véi cac hé thong 1am mat bang nude hodc cac hé 1am mat trén co s nude, d6 1a
an mon va tao can.

Su tao cédn la qua trinh 1éng dong, két tia cua mot s6 loai mudi hoa tan trong nudc khi ham
lwong ctia ching vuot qua nong d bdo hoa trong mot s6 diéu kién nhat dinh nhu sy thay doi vé
pH nhiét d9,... Hién tugng nay xay ra trong hé thdng 1am mat gy anh huéng nghiém trong dén
qua trinh lam viéc cua hé thong Chung lam giam hiéu qua trao d6i nhiét, nghiém trong hon nita,
ching c6 thé gay tic hé thong Trong hau hét cac hé théng lam mat bang nudc, can dugc tao
thanh tir mot s6 loai mudi ciia canxi hoic magie. Trong d6, phd bién nhat 1 cin bam duoc tao
boi mudi cacbonat cia canxi. CaCOs két tiia thanh ba dang tinh thé khac nhau: (a) dang cacite
v6i tinh thé hinh 1ap phuong, (b) dang aragonite v4i tinh thé hinh kim hodc hinh hoa lo va dang
vaterite v&i tinh thé hinh sau canh. Trong d6, dang calcite va aragonit c6 do bén cao hon va
thuong 14 thanh phan chinh trong cin carbonat [2].

C6 nhitng phuong phap khac nhau dé ngin chin qua trinh tao cin, ching dugc phan thanh 2
nhom chinh: st dung phu gia héa hoc va sur dung cac ky thudt vat 1y nhu dién truong, tir truong
[3, 4], song am [5],... Trong d6, phuong phép str dung phu gia hoa hoc to ra uu vi¢t va duge quan
tam hon ca. Trong sb nay, 6 mot so6 nghién ctru da chi ra rang ion Zn** v&i ham luong rat nho
(2-4 ppm) c6 hiéu qua chdng tao cin tét trong mdi trudng nudce tuan hoan, nude bién.

Pong hoc qua trinh tao can trong diéu kién thyc té 1a mot qua trinh kéo dai. Do 49, dé nghién
ctru vé hién tuong nay co thé sir dung mot $6 k¥ thuat dé tang tbe quaé trinh tao can. V& ban chét
chung cua cac ky thuat nay la tao moi truong thuan loi (pH cao) cuc b tai bé mat kim loai dé tao
két tua. Dé dat dugc diéu nay, c6 thé sir dung hoa chat (phuwong phép héa hoc) hodc sir dung
phuong phap dién hoa (tao phan tng dién héa sinh ra nhom hydroxyl OH™ ngay tai bé mat dién
cuc). Trong d6, phuong phap dién hoa nd do Lesdion [6] va nhom nghién ciru ctia minh dé xuat
la dugc uwa chugong hon ca.

Trong nghién ctru nay, dic tinh chdng tao cin cia ion Zn” trong dung dich 40% ethylene
glycol va 60% nudc cimg theo khdi lwong di dugc nghién ctru bang cac ki thuat dién hoa.

2. PHUONG PHAP NGHIEN CUU

2.1. Hoéa chét va thiét bj

Céc loai hoa chat dugc sir dung 13 cac hoa chit tinh khiét, ding trong nghién ciru: NaCl,
NaHCO;, Na2804, CaCl,.2H,0, Zn(NO3).6H,0, KClI ethylene glycol dwoc mua tir hing Macklin
(Trung Qudc) va Merck (Puc).
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Nuée dung cho pha ché sir dung nudc khir ion c¢6 do dan khong qua 1 uS/cm.

Thiét bi phan tich dién héa da ning Autolab PGSTAT 302N duoc diéu khién bang phan mém
Nova 2.1.4 tai Vién Hoa hoc-Vit liéu.
2.2. Phwong phap nghién ciru
2.2.1. Chudn bi mau

- Pha ché dung dich EG/HW: Dung dich EG st dung trong nghién ciru ¢6 ham luong 40% EG
va 60% nudc cung (HW) theo khdi luong. Nudc cimg duoc chuan bi tir nudc khir ion c6 hoa tan
cac mudi co thanh phan nhu trong bang 1. Dung dich thu gom dung dich EG/HW 6 bo s sung
lugng dung dich mu6i Zn(NOs) phu hop dé dat dugc cac ndng do ion Zn*" theo mong muon.
Ngoai ra, mau do1 ching khong c6 tac nhan tao can cting dugc chuan bi, trong d6 thanh phéan cua
HW nhu trong bang 1 ngoai trir khong c6 mét cua muoi CaCl,.

Bing 1. Thanh phan nude cieng nhén tao (HW).
Hoa chat Na,SO, | NaCl | NaHCO; | CaCl, | KCI
Ham luong, g/L | 4,09 | 2453 | 0,201 1,16 | 0,695

- Mau kim loai nghién ctru: mau hop kim ddng dé C11000 dugc ché tao thanh dién cuc tron,
duong kinh 0,5 cm, dugc han véi day dan va db nhua epoxy bao quanh va mat sau. Bé mat dién
cuc duoc danh bong bang gidy nham co kich thudc min dan tir 1.200-2.000. Sau mdi lan khao
sat, dién cyc ddng duge danh bong bang gidy nham 2000 va rira sach bang nudc cit trude khi
tién hanh cac khao sat tiép theo.

2.2.2. Phuong phap dién hoa

Cac phuong phap nghién ctru dién hoa dugc thuc hién trén thiét bi Autolab PGSTAT 302N
vO1 bo 3 dién cuc: dién cuc tham chi¢u(RE) Ag/AgCl; dién cuc doi (CE) Ptva dién cuc lam viéc
(WE) lam tir hop kim dong C11000. Trong nghién ctru nay, dac tinh chong tao can dugc nghién
clru bang nhom phuong phéap dién héa gom 2 ky thuét: (1) ky thuat quét dong thé dé xac dinh
dién thé phu hop cho qua trinh gia toc tao can; (2) ky thuat do dong-thoi gian dung d€ xac dinh
su thay doi ve dong dap ung tai dién thé ma sy tao can dién ra manh mé nhat. Cac thong s do
trong ky thuat nay nhu sau:

- Ky thuét quét dbng—'ghé: quét dong-thé dugc thuc hién voi toe do quét 10 mV/s, khoang quét
tir 0 dén -2,5 V so véi thé RE.

- Ky thuat do dong-thoi gian (chronoaperometry): Ky thuat nay ap dung tur két qua quét dong-
the, xac dinh dugc thé dién cuc phu hop. Thé na:ly duoc ap dung Ién dién cuc lam viéc dé ghi lai
dong dap tng trén dién cuc nay theo thoi gian dén khi dat dong bao hoa.

- Phuong phép do phé tér,lg tro (EIS): Phd ‘téng tr¢ dugc ghi lai ngay sau khi do dong-thoi
gian d€ danh gia sy tao 16p lang-keét tua trén bé mat dién cuc. Phuong phap nay dugc thuc hién
v6i dién the xoay chi€u hinh sin, bién ¢ 10 mV, khoang quét tir 100 kHz dén 100 mHz.

3. KET QUA VA THAO LUAN
3.1. Két qua quét dong-thé
f?é thi quét dong-thé ctia dung dich EG/HW duoc thé hién nhu trong hinh 1. Két qua do
thi, c6 the phan chia qua trinh dién hoa thanh 5 ving khac nhau twong tmg. Trong d6:

- Vung A: Tai day, dong tang theo bién do thé ap vao dién cuc. Tai ving nay xay ra phan ng
khtr oxy hoa tan trong nudc theo phan ung (1) [7]:

H,0 + 0, +4e~ - 40H™ Q)

- Vling B: trong ving ndy, ¢6 su suy giam nhanh vé dong. Diéu nay c6 thé duoc giai thich boi
ngoai phan tng khir nude (1) 1am pH tang (do sinh ra nhém hydroxyl OH’), xay ra dong thoi qua
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trinh tao két tia CaCOs theo phan tng (2) va (3) [8, 9]. Trong d6, phan tmg (3) dién ra manh mé, tao
thanh 16p cin CaCO; khong dan dién trén bé mit dién cuc gdy ra su suy giam dot ngot ciia dong.

HCO3 + OH™ - €02~ + H,0 (2)
CO3™ + Ca** — CaCOs (3)

- Vl]ng C: C6 su suy giam nhe cua dong trong vung nay. Ching gan nhu 6n dinh va duy tri ¢
mirc rat thap. C6 thé thdy Trong ving nay vira xay ra qua trinh khir nudc theo phan tmg (1) va
qué trinh tao két tiia theo phan tng (2) va (3). Tuy nhién, hai qua trinh nay gan nhu can bang véi
nhau nén it gy ra sy thay doi vé dong.
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Hinh 1. Do thi dong-thé ciia dung dich EG/HW.

- Vung D: Bit dau c6 sy tang nhe vé dong. Nguyén nhén co thé do ngoai cac phan ung tao can
(2) va (3) con co qua trinh ngugc lai lam tan ket tia. Dicu nay c6 the dugc gidi thich 1a do qua
trinh khir nudc trong di€u kién thi€u oxy (lugng oxy hoa tan trong nude da can ki€t do tham gia
phan tmg (1)) nhu trong phan tmg (4) [7]. Mac du qua trinh nay tao OH™ lam tang pH, la diéu
kién thudn loi dé tao két tua. Tuy nhién, phan ung nay ciing kém theo qua trinh giai phong mét
lugng 16n khi H,. Sur giai phong khi khoi bé mit vira ddy ion OH ra xa bé mit dién cyc, vira lam
cho can két taa bj bong khoi bé mat dién cuc. Giai phong bé mat dién cuc khoi can bam. Nho d6
mat do dong lai tang.

2H,0 + 2e~ — 4H, + 20H~ (@)

- Vling E: Vung nay c6 su tang khong ngung cua mat d6 dong. Tuong tu nhu trong ving D,
tuy nhién luc nay phan tng khir nudce (4) dién ra rat manh mé€ trong khi qua trinh tao cén bi can
tré va hau nhu khong dién ra trén bé mit dién cuc (dién ra trong long dung dich).

Tir cac két qua nay cho thay, dé lya chon duogc t}}é dat vao dién cuc phu hop cho qua trinh
nghiéq clru tao can trén beé mat, nén lya chon vung thé dé€ tao (jiéu kién cho qua trinh nay dién ra
tot nhat. Theo cach nay, vung C duoc lua chon, trong gia tri the tai -0,75 V dugc luya chon.

3.2. Két qua do dong thoi gian

Bing viéc ap thé khong doi 1én dién cuc lam viée va do dong dép tmg di qua dién cuc nay, gia
tri 9 16n ctia dong di qua dién cuc cho phép danh gia mirc o tao 16p can khong dan dién trén bé
mit cua dién cuc. Str dung k¥ thuat nay, dung dich EG/HW ¢6 bd sung ion Zn** véi cac nong do:
0,2,4,6,8, 10, 12 ppm dugc khao sat.

Tir két qua nay cho th,éy, d6 16n dong dap tmg thay ddi theo nong do do ion Zn*. Khi nong
d6 Zn** tang tr 0 ppm dén 8 ppm thi dong dap mg tang. Tuy nhién, khi tiép tuc ting nong do
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Zn?* tir 8 ppm 1én 12 ppm thi mat do dong nay bat dau giam. Tc do giam kha nhanh. Tai nong
do 12 ppm, duong cong dong dap ing gan nhu trung, thap chi thap hon so vé6i duong 0 ppm.
Nguoc lai, tai nong do 8 ppm cho dong dap tng cao nhat, tic 13 be mit it bi bdm cin nhat. Didu
nay cho thdy v6i dung dich EG/HW nghién ctru, ndng d6 ion Zn®* cho kha ning chdng ban cin
ti wu 1a 8 ppm.
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Hinh 2. Bé thi dong-thoi gian dung dich EG/HW véi Zn** ¢6 ham leong khdc nhau.

3.3. Nghién ctru qua trinh tao cin bang phd EIS

Pé hiéu rd hon anh hudng cia ion Zn** trong qua trinh tao can CaCOj trén bé mit dién cuc,
phd EIS duoc ghi lai ngay sau khi do dong-thoi gian. Phd EIS dugc ghi lai trén 3 dung dich: (1)
EG/CW (tirc 1a nudc dn mon, khong bd sung tac nhan tao can Ca®*, (2) EG/HW khong bd sung
ion Zn** va (3) EG/HW c¢6 bd sung 8 ppm Zn**. Gian dd Nyquist dugc thé hién nhu trong hinh 3.
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Hinh 3. Gian dé Nyquist ciia dung dich EG/HW khéng c¢é Ca**,
c6 Ca** ma khong c6 Zn** va cé ca Ca® va Zn®*
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Tir gian d6 nay cho thiy vé hinh dang ciia chiing trong 3 trudng hop ¢ nhing nét dong dang,
dic biét trong truong hop dung dich khéng c6 Ca** va dung dich ¢ ca Ca®* va Zn** thi hau nhu
hinh dang ctia chung tuong tya nhau trong toan mién quét va nhin chung chiing c6 tong tro rat bé
xap xi 400 Q. Trong khi d6 v6i dung dich c6 Ca** ma khdng c6 Zn?* thi chung chi dong dang
trong ving tan s thap. Trong khi d6 ving tan sd cao xuat hién mot ban cau 16n, cho thay sy gia
tang manh mé cua téng trd 1én dén xép xi 12.000 Q, dac biét ph?m téng trd ao Z’’ dai dién cho
cac dai lugng khong thuan tro. Didu nay cho thay vai tro to 16n cia ion Zn?* trong viéc chdng tao
can bam trén bé mat dién cuc.

Dé 1am mo phong qua trinh dién hoa trén bé mat dién cuc, két qua phd EIS duge gin véi cac
mach dién twong duong. Véi dang dd thi cua 3 mau khao sat duoc chia thanh 2 loai: (1) c6 mach
tuong dwong nhu trong hinh 4a gdm cac miu EG/HW khong c6 Ca** va EG/HW c6 ca Ca®* va 8
ppm Zn%'; (2) gom miu EG/HW khéng c6 Zn?* nhu trong hinh 4b.
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Hinh 4. M6 hinh mach twong dwrong cho phé EIS.

Sy tuong hop gifxz} mo hinh mach @ién st dung va scf) liéu thuc té thu dugce 1a kha tdt. Diéu
nay phan nao dugc thé hién trén gian d6 Nyquist dugc the hién trong hinh 3. Tir m6 hinh nay cho
thay voi hinh 4a trén bé mat dién cuc chi c6 16p dién tich keép (dai dié’n bang tu C) va 16p oxit
kim loai ¢6 dién tr¢ R. Trong khi d6, v6i m6 hinh 4b cho thay c6 sy xuat hién cta 16p mang trén
bé mat véi dién tré chuyen dién tich Ry, nguyén t6 Warburg (W) dic trung cho qua trinh khuéch
tan dién tich va nguyén t6 pha khong d6i CPE dic trung cho 16p dién tich kép khong thuan dung.

Str dung cac mo hinh dé tinh dugc céc thong sd dién hoa duoc trinh bay tai bang 2.

Bing 2. Két qua mé phong mach twong dwong.

R, Ry C CPE W

EG/CW 812Q 192Q 17,3nF - -

EG/HW =8 ppm Zn®* 789Q 245Q 175nF - -

EG/HW 751Q 13.6kQ - Y0=29,3 (uMho.s)¥ 739 (uMho.s)*?
N = 0,822

Tir cac két qua trong bang 2 cho thdy, sy tuong duong cia mau EG/HW khéng c6 Ca** va
méau EG/HW dugc bo sung Zn** . Trong khi do mau EG/HW khong b6 sung Zn** c6 su khéc biét
16 rang, dic biét gia tri tré khang chuyén dién tich R, rat 16n cho thiy sy hinh thanh 16p cin cach
dién trén bé mat cua dién cyc.

4. KET LUAN

Bang cach nghién ctru mg dung cac ky thuat dién héa thich hop, vai tro chéng tao cin cua
ion Zn?* tng dung trong nudc lam mat trén nén EG va nuéc da dugc chu:ng minh. Trong diéu
kién nghién ctru, ndng do tdi wu cho kha ning chéng tao cin cia ion Zn** 1a 8 ppm. Phd téng tré
EIS cho thay sy c6 mit clia ion Zn** gitip ngin can qua trinh tao thanh 16p can khong dan dién
trén bé mat cua dién cuc.
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Loi cam on: Nhom tac gia tran trong cam on sw hé tro kinh phi ciia dé tai cdp Vién KH-CN QS thudc
Chuong trinh Uom mam: Nghién ciru che tao chat tai nhi¢t cho hé lam mat mé-dun thu/phat (TRM) cua
rada EL/M-2084AD thuéc té hop phong khong SPYDER.

TAI LIEU THAM KHAO

[1]. M. Seneviratne, "Cooling Water Systems," Elsevier, 2006, pp. 83-116.

[2]. R. Sabzi and R. Arefinia, "Investigation of zinc as a scale and corrosion inhibitor of carbon steel in
artificial seawater," Corrosion Science, vol. 153, pp. 292-300, 2019/06/01/ 2019.

[3]. A. Fathi, T. Mohamed, G. Claude, G. Maurin, and B. A. Mohamed, "Effect of a magnetic water
treatment on homogeneous and heterogeneous precipitation of calcium carbonate,” Water research,
vol. 40, no. 10, pp. 1941-1950, 2006/05/02 2006.

[4]. F. Alimi, M. Tlili, M. B. Amor, C. Gabrielli, and G. Maurin, "Influence of magnetic field on calcium
carbonate precipitation," Desalination, vol. 206, no. 1-3, pp. 163-168, 2007.

[5]. G. J. C. Limpert and J. L. Raber, "Tests of nonchemical scale control devices in a once-through
system," ed, 1985.

[6]. F. Hui and J. Lédion, "Evaluation methods for the scaling power of water," Eur. J. Water Qual., vol.
33, pp. 41-52, 12/01 2002.

[7]. M. Piri and R. Arefinia, "Investigation of the hydrogen evolution phenomenon on CaCO3 precipitation
in artificial seawater,” Desalination, vol. 444, pp. 142-150, 2018/10/15/ 2018.

[8].S. S. Xin and M. C. Li, "Electrochemical corrosion characteristics of type 316L stainless steel in hot
concentrated seawater,” Corrosion Science, vol. 81, pp. 96-101, 2014/04/01/ 2014.

[9]. R. Ketrane, B. Saidani, O. Gil, L. Leleyter, and F. Baraud, "Efficiency of five scale inhibitors on
calcium carbonate precipitation from hard water: Effect of temperature and concentration,"
Desalination, vol. 249, no. 3, pp. 1397-1404, 2009/12/25/ 2009.

ABSTRACT

STUDY OF SCALING INHIBITION CHARACTERIZATION OF zZn**
IN ETHYLENE GLYCOL AQUEQOUS

This work presents some results in studying of scaling inhibition of ion Zn*" in
ethylene glycol aqueous. The studying in range of 0-12 ppm Zn**. The results show that
8 ppm concentration of Zn** ijon presents the highest scaling inhibition efficient. EIS
results indicate Zn®* ion prevent producing poor electric conductivity layer on surface
of copper electrode.

Keywords: Ethylene glycol; Scaling inhibitors; Electrochemical method.
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